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We develop a theoretical framework for the evaluation of the coincidence number of pairs, NnN, 
and the asymmetry parameter, oa, in nonmesonic hypernuclear decay AA'^ — >■ nN. The primary 
nomesonic weak hyperon-nucleon decay process is described through the independent particle shell 
model. When the effect of the strong interactions experimented by the two nucleons leaving the 
residual nucleus is included, we have in addition to the 2plh primary configuration 2p'lh' , 3p2h, 
4p3h, ■ ■ ■, etc secondary ones. We work within the 2p'lh' subspace of final states assuming a simple 
approach for finite nuclei based on the eikonal approximation. An optical potential including the 
nucleon-nucleus isoscalar and isovector interaction is introduced to take into account the minimum 
nuclear medium effects and to describe the nucleon-nucleus dispersion process along the outgoing 
path. We applied the proposed description to the calculation of the observables in %He and ]^C 
nonmesonic decays. The calculated results show that our treatment of FSI even considered as 
restricted to a subspace of states gives a good agreement with experimental data, similar to that 
ones presented by more elaborated evaluations. This indicates that the developed theoretical scheme 
seems to be appropriated to include more complex configurations. We also discuss the ground state 
normalization effects at the moment of including the two-nucleon induced decay {ANN — >■ nNN) 
contribution. 

PACS numbers: 21.80.+a, 25.80. Pw, 21.60-n, 13.75.Ev 



I. INTRODUCTION 

Although a free A particle decays through the mesonic 
mode A — >■ ttN, inside nuclear medium this channel is 
Pauli blocked and the nonmesonic hypernuclear weak de- 
cay (NMHD) AA^ nN emerges as the dominant chan- 
nel. This primary decay can be induced by a neutron 
(An — > nn) or a proton (Ap — np) , with widths r„ and 
Fp, respectively. During the last three decades a high 
effort to solve the commonly called nonmesonic hyper- 
nuclear decay puzzle has been done. The controversy 
is associated to the theoretical troubles in reproducing 
simultaneously the measured values of: i) the detected 
number of neutrons, protons, nn and np-pairs, Nn, Np, 
Nnn and N„p, respectively (or, equivalently, the spectra 
of emitted protons as well as nn and np-coincidence spec- 
tra); ii) the intrinsic asymmetry parameter, oa, which is 
determined by the interference terms between the parity- 
conserving (PC) and parity-violating (PV) transitions to 
final states with different isospins. These observables lead 
information about both, the primary nonmesonic decay 
and the subsequent final state interactions (FSI) origi- 
nated by the nuclear medium. 

Since the pioneering works of Block and Dalitz ^ and 
Adams ^ many theoretical attempts are trying to im- 
prove the description of NMHD, such as: 

i) modifications of the exchange potential incorporat- 
ing mesons heavier than pion; 



ii) inclusion of correlated and uncorrelated two-pion 
exchange; 

iii) inclusion of interaction terms that violate the AT = 
^ isospin rule; 

iv) addition of quark degrees of freedom; 

v) analysis of the contribution of two nucleon (2N) 
induced decay mode AA^A^ -J> NNN; 

vi) evaluation of the effect of FSI between the outgoing 
primary nucleons and those in the residual nucleus, etc. 

Particularly, in Refs. ^-3] tlie authors show that FSI 
are an important ingredient when studying this decay 
mode. Indeed, it was shown that the value of the neutron 
to proton ratio, F„/Fp, extracted from the experiments 
and also the intrinsic asymmetry parameter are strongly 
modified by the FSI effects. Actually, there is a general 
consensus in respect to the essential role of FSI to reach 
a realistic calculation of NMHD observables. Among 
several models used for evaluating the effect of FSI we 
mention: i) those based in the intranuclear cascade code 
(INC) 1, 1,01, and ii) a microscopical model devel- 
oped within a nuclear matter formalism [10]; iii) models 
describing the interaction between the outgoing primary 
particles and the residual core by means of an optical po- 
tential [ill, 113 • the first case the nucleon propagation 
inside the residual nucleus is simulated by a Monte Carlo 
code, in which the nucleons produced in the weak de- 
cay are followed through a semi-classical path until they 
leave the nucleus. In the second one, the FSI are in- 
cluded within a nuclear matter picture with the help of 
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the local density approximation in an effective way via 
the first order term of the residual interaction in the RPA 
amplitude. Finally, evaluations using optical potentials 
describe the average interaction felt by the outgoing par- 
ticles within an effective scheme. 

Motivated by the previous discussion, we want to de- 
velop a finite nucleus theoretical frame that enables an 
evaluation of NnN, Nnn/Nnp and, simultaneously, ca, 
which should be an extension of the of our previous shell 
model calculations [l3|. By simplicity we begin making 
an evaluation of the mixing between 2plh final config- 
urations, in the simpler way working within the eikonal 
approximation. It provides a clear description of the min- 
imum nuclear medium action on the emerging nucleons 
through an isospin dependent optical potential, not yet 
considered in previous works [Hi [13. The paper is or- 
ganized as follows: the formalism for the evaluation of 
the observables and the inclusion of the nucleon-nucleus 
interaction via the eikonal approximation is presented in 
Sect. 2; numerical results are exhibited in Sect. 3 and 
concluding remarks are briefly drawn in Sect. 4. 



II. FORMALISM 

A. The primary decay model 

The partial decay rate, r^r, for the primary AA^ nN 
nonmesonic decay of an initial hypernucleus (with spin 
JjMi and energy £/) to a residual nucleus (with spin 
JpMp and energy Ep) plus two free nucleons (with spins, 
isospins and momenta Si, U and Pi, respectively, being 
i = n,p) and the intrinsic asymmetryparameter, a\, are 
evaluated from the expressions [14J4l6| 



■ N 



dQ.p^ I dSlp„ / dFN ^ 



X \{PnSntnPNSNtN;JFMF\V\JlMi)\'^, (1) 
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7T+1 Em, MM JiMi) for Ji = Jc + i 
-77 Em, Mia{JiMi) for Jj ^ Jc - \. 



where 



a{JiMi) = Jdnp^JdFp J2 



Sn SpMp 



X \{PnSntnPpSptp;JFMF\V\JlMi)\^, (2) 



Here = — Ep — 2m n is the released energy with 
TOjv being the nucleon mass, A is the residual nucleus 
mass number and V is the transition potential used to 
describe the primary nonmesonic decay process. We 
have employed the one-meson-exchange model from Refs. 

which uses a standard strangeness-changing weak 
AA^ — )■ A^A^ transition potential comprising the exchange 
of the complete pseudoscalar and vector meson octets (tt, 
V, K, p, uj, K*). 

The number of emitted rtA-pairs after this weak decay 
is evaluated weighting the number of pairs appearing in 
a given state nN' = N' (N^^) by the probability of 
reaching that state: 



A^' 



N 



N' 

iN'-i 



N' 



N' 



(4) 



Following Refs. |14|-|16|. after changing to relative and 
center of mass variables 



Note that = 1^£^^= 0, A^^^ = 1 and A^p„ = 0. 



P = ^(PAf - Pn), 



P = Pn+ Pn, 



R=-(r„+rAr), (5) 



performing the partial wave expansion of the emitted 
nucleon waves, and making the angular momentum re- 
coupling, the observables can be written in terms of the 
matrix elements 

{pIPLXSJTi^fJf;Ji\V\Ji) = Jf' E ^^'^^^) 



Jn 



X M{plPL\SJT;]Ai 



N), 

(6) 

with Ja = riA I A JA tA and }n = tin In Jn tN being the 
single-particle states for the lambda and nucleon, respec- 
tively (we assume that the A particle behaves as a | ^ , — i) 
isospin particle in the lsi/2 level) and vf specifying the 
remaining quantum numbers in the final state besides the 
nuclear spin. The factors are defined as 



Jc Jl JA 
J JAT Jf 

X {Jc\\a]jWFJF}, 



(7) 



with 



with Jc being the core spin and the matrix element 

MiplPLXSJT; iAjN) - [1 - (-)'+^+^] 

X {plPLXSJT\V\jA}NJ). (8) 



P%dpN f pjdPn 

(27r)3 



X 6 



f _Pfi , Pn 



\Pn + Pn\ 



\2'mN 2mN 2mAr(j4— 1) 



-A, 



(3) 



Within the independent particle shell model the core 
and final nuclear states are described as \Jc >— >■ |0 > 
and \ Jf >^ \jb^',JF > for i^e, with |0 > being the 
vacum state, and \Jc >— 5* Ija^^'^c > and \Jf >^ 
\j-'u';JF> for i^C. 
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The effect of final state interactions between the two 
outgoing nN particles, which has been extensively dis- 
cussed in the literature and is known to be very impor- 
tant [?*] , is included phenomenologically by modifying the 
two emitted nucleons plane waves as in our mentioned 
works: short range correlations are treated at a simple 
Jastrow-like level multiplying the exchange potential by 
the correlation function 



gNN{r) = I- jo{qcr), 



(9) 



with = 3.93 fm~^, while the contribution of finite nu- 
cleon size effects at the interaction vertices are gauged by 
a monopole form factor — / + q^) , being Aji/ 
the cutoff for the meson M . Additionally, corrections 
due to kinematical effects related to the A-nucleon mass 
difference and the first-order nonlocal terms are taken 
into account 11 51. 



B. Final state interactions and ground state 
correlations 



\NN') = CNN'\NN')+ CNN',N"N"'\N"N"') 

N"N"' 

+ ^C^JV^AT"!^"), (11) 
N" 

where the coefficients Ci and c^j- should be evaluated in 
the stationary perturbation theory, at least at the second 
order to take properly into account normalization effects 
17| . The fact of using a perturbative scheme favors the 
identification of the numbers of pairs coming from each 
final state. Now, the \NN') configurations are reached 
by the primary decay to the states |iV") present in the 
last term of Eq. (|lip , and by the coupling of these states 
with the \NN') one produced by the strong interaction 
responsible of the FSI which enters in the evaluation of 
the coefficient cnn'.n"- The number of pairs can be cal- 
culated now from Eq. ()10|) replacing F by F, being F 
calculated through Eq. ([T]) by using the perturbed basis. 
Because at this stage it is not important the exact energy 
position of the states, we can take the unperturbed ones 
for the evaluation. 



When one of the ejected nucleons interacts with the 
remaining ones in the residual nucleus, the 2plh primary 
configuration |A^) = \pnSntnPNSNtN', JpMp) (where a 
hole N^^ produced on the initial nucleus by promo- 
tion of the particle N is present in the final state) can 
be mixed with other \N') configurations and also with 
more complex ones as 3p2h, ApSh, ■ ■ ■. This is schemat- 
ically shown in Fig. 1. By simplicity, let's consider 
{\2plh), \3p2h)} as the final space (note that 3p2h config- 
urations participate in the 2N mode). The 3p2h state will 

be \NN') = \PnSntnPNSNtNPN'SN'tN'; JpMp) , with 

and N' being n or p (note that an additional hole A'''"^ is 
produced in the final nucleus). Now, Eqs. (HI)-® could 
be straightforward modified to evaluate the decay rate 
to a state |A^A^')j ^nw, enlarging the final phase space, 
adding the corresponding integrals, and changing A — 1 
hy A — 2. The number of emitted nA'^-pairs in Ec^. ^ 
should then be expressed as 



n N2 



N2N. 



N2N3N4 



N' ^ 



u' F/ 
Ft 



N'N- 
N 



(10) 





A 



FIG. 1: The left diagram schematizes the primary decay that 
leads to a 2plh final state and the additional ones represent 
the action of the FSI to produce more complicated configura- 
tions. 

Finally, we mention that if 2p2h GSC were admitted 
in the ground state flS^, we could write 



N'N' 



\JiMi) = co[\JiMi)+Y,C2\2JiMi)] 



(12) 



pearing in a given nN' N" 



nn 



P 



where N^jJ^ represents the number of tiA^ pairs ap- 

N'N" state and Ft ^ 
F„p -I- Fpp is the total rate. Note that 

q ATup _ 1 lypp _ n KTPP — 2 N"-P = 2 A^"" — 
nn ^ nn ^i^^np i np i np 

0. Because y is a two-body operator and as for the mo- 
ment we are not considering ground state correlations 
(GSC) we have {NN'\Y\JiMi) = 0, giving Vnn' = 0. 
This is because the mixing originated by FSI is not in- 
cluded in the unperturbed {|Af), jA^A^')} basis used in 
Eq. ([T0|) . Instead of this, we should use a perturbed ba- 
sis {|A^), |A^A^')} in the valuation of F^r and Fat a?/, with 



|iV) = Cw|Ar)+^CAr,Ar,|A^')+ ^ .N' N"W N"), 
N' N'N" 



where with "2" we indicated a 2p2h configuration. Now 
the coefficient cq reduce the F contributions mentioned 
previously, and the 2p2h contributions give place to the 
2N mode. One must take care the way cq and C2 are 
evaluated . If we use a first order perturbation theory 
we must take, 



Co = 1, C2 = 



{2JiMi\V,\JiMi) 

-E2 



(13) 



where Vs indicates the nucleon-nucleon strong residual 
interaction. We remark that it is not correct to take 



1 



Co 



I + E2IC2P 



1/2 E 



C2 



(14) 
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because, except for the first term, the others lead to an 
infinite series of disconnected graphs in the amplitude, 
and it is well known this is unphysical and these contribu- 
tions can be canceled enlarging the space by the inclusion 
of 4pAh in the ground state [19]. In addition, the norm 
correction included as in Eq. ([T4| leads to a nonexten- 
sivity of nuclear matter introducing an A dependence, 
which is a very strong drawback of the approximation 
[l9| . It would be more appropriate to make a direct di- 
agonalization in the {\JjMj),\2JjMj)} basis and take 
(2J/A//|14|2'J/M/) ~ because of the high density of 
these configurations. This leads to 



C2 



{2JiMi\Vs\JiMi) 



Ej — E2 

where Ej is now solution of the secular equation [T 

|2 



\C2\ 



(15) 



(16) 



and Co is obtained by normalization. This was done in a 
finite nucleus frame for the case of "^^Ca using the MY3 
force getting a value of cq = 0.69, which could be 
enlarged for the lighter nucleus we interested in here due 
to the smaller 2p2h configurations space. 



C. The minimum effect of nucleon- nucleus 
interaction 

In order to see how FSI effects change the shell model 
results we analyze the effect of mixing between different 
\N) configurations in the final states. For this purpose 
we keep only the first formula and the first two terms 
of it in Eq. ((TT|) . In the present work instead of mak- 
ing an explicit evaluation of the coefficients cat and Cn^n' 
in a second order perturbation theory, we are proposing 
a treatment of FSI by using the simplified final nucleon 
states constructed in the framework of the nonrelativis- 
tic eikonal approximation poU^^ ]. We remember that in 
the energy regime of a few hundred of MeV the nucleon- 
nucleus scattering is satisfactorily described by this ap- 
proach (see, for example, applications to A(p,pN) reac- 
tion in Refs. p5l - l28l |). We have to bear in mind that 
the available energy in primary process leaves a momen- 
tum pn ~ 400 MeV/c for each one of these nucleons. 
To construct the nucleon final states of interest we start 
from free nucleons state inside the nucleus and study 
their modification in crossing the nuclear medium (rep- 
resented by an optical potential) within the eikonal ap- 
proximation. The resulting state of this nuclear medium 
scattering process is taken as the final nucleon state for 
the NMHD calculation. Here is very important to men- 
tion that, within this simple model, we can not include 
the contribution of secondary nucleons produced by the 
strong interaction, which largely affect the numbers Nnn 
and Nnp (second formula in Eq. ([Tl]) ). This is the rea- 
son by which we have remarked that we are including 



the minimum effect of nucleon-nucleus interaction cor- 
responding to the scattering of the outgoing particles. 
Nevertheless, in this work we will analyze the role played 
by the isovector nucleon-nucleus interaction in the scat- 
tering of the emerging particles, not included in previous 
optical model treatments. Additionally, because the de- 
pendence of the ratio Nnn /Nnp with the 2N contribution 
is moderate [1, Q we not consider its effect here. 

In coordinate representation the accumulated effect of 
all the interactions of the emerging nucleons along their 
outgoing path inside the residual nucleus is incorporated 
through the action of an operator factor iS't(r) on the 
unperturbed plane wave functions as shown in Ref. [25| . 
Concretely, the outgoing nucleons final state is obtained 
as 



< r„|p„ >< tnIpn > 
= 5t(r„,p„)5t(r^^p^)e*P,.-r,.g.p„-r, 

where Tm is the coordinate of the nucleon and 



Sir,p) = e 



(17) 



(18) 



We have chosen the momentum p along the z axis, with 
r = (b, Zp = p • r) representing the nucleon location af- 
ter the primary nomesonic decay and (b, z) the posterior 
collision points, respectively. The nucleon is crossing the 
nucleus with an impact parameter b, with Kpt(r) being 
the optical potential associated to the nuclear medium 
representation. We adopt the simplified form 29]: 



Kp.(r) = 



-r-T 







if 
if 



|r| <i? 
Irl > R 



(19) 



with R = 1.25^1/3 fm being the nuclear radius, Vb and 
Vi representing the real isoscalar and isovector " depths" , 
respectively, of the optical potential. The latter part de- 
pends on the nucleon and residual nucleus isospin opera- 
tors, T and T, respectively. Integration in the z- variable 
allows to write the factor S'(rjv, pat) as 



<5'(rAr,P7v) 



X e 



, (20) 



with VoAT and Vim being the isoscalar and isovector nu- 
cleon potential depth. Note that, in order to simplify 
the changes to the two- nucleon center of mass variables, 
and to perform integrals analytically in Eqs. (1-3), we 
can neglect the energy dependence of the optical po- 
tential parameters (a rather good approximation in the 
energy range of interest) and take the same values of 
isoscalar and isovector depths for protons and neutrons: 
Von — Vbp — Vb and Vin — Vip ~ Vi. In addition, when 
using the result of Eq. (l20l) , the quantities and 6^ will 
be substituted by average values. For the first we take 



Pn 



i< p > 



( EL. 



(21) 
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where pp = sJ^mj^tF and p^^x = ^Iraj^I^p (^^^^) are 
the Fermi and maximum momentum allowed kinemati- 
cally to nucleons, respectively, being tp the Fermi energy. 
For the second we assume, 



&2 ~< h'>^-< >^ -R\ 
3 5 



(22) 



In summary, the effects of FSI are included in the calcu- 
lation by means of the replacement 



giPn-r„gipjvrjv _^ 


e 




X 




y <p>^ 


X 


e 




X 


e 





(<p>V-R^-<fc>^-p]vrjv)XjvT 



Thus, performing the replacements p — ajvP and P — > 
ajvP in the matrix element given in ([S]), we can evaluate 
the effect of FSI on the asymmetry parameter. Finally, 
in order to compare our theoretical results with experi- 
mental data for the coincidence number ratio, we eval- 
uate the number of emitted niV-pairs as (remember the 
replacement F by F in Eq. ([TU])): 



F 



N 



N 



F -I- F 



(29) 



(23) being 



f AT = y" dQp^ J dnp^ J dF J2 



(30) 



SnS NtntN Alp 



X \{{aNPn)s„tniaNPN)sNtN; Jp Mf\V\Ji M i)\'' 



To evaluate the action of the isospin operators, we ex- 
press them as 

TAT • T = (t+)Arr_ + (i-)Arr+ + 2{to)NTo, (24) 

and expand the exponential g*^"''"" '^ in power series. 
Since the operator T acts on the residual nucleus state, 
this will establish a difference between the calculation of 
final nucleon state imposed by different isospin state of 
the decaying hypernucleus, as we will see latter for ^He 
and ^■^C hypernuclei. In fact, in the first case the resid- 
ual core has a half integer isospin with projections ±i, 
whereas the second hypernucleus has an integer isospin 
with projections —1,0. Additionally, is important to re- 
mark that the operators t± allow the possibility of charge 
exchange. This will produce final neutrons (protons) 
from the primary proton (neutron) induced decay, which 
will lead to modifications in the obtained values for the 
observables, specially the number of detected particles. 
Leaving all this considerations into account, the effect of 
FSI can be incorporated within our formalism by means 
of the replacement 

gip„ r„g»p„.r« ^ g»a„p-rgia„P.R f^^. N^n,p, (25) 



where we have defined 



UN = { I 



< p >2 



■Vn 



(26) 



It is important to specify here the effective strength de- 
pendence on the residual nucleus and nucleon isospins. 
Particularly, for the hypernucleus decay we have 



Vn - 



Vo 



for = 71 
for = p 



(27) 



Based on this definition, it is important to remark here 
that our evaluation of the number of pairs will always sat- 
isfy the condition A^„„ -I- Nnp = 1 , which is only satisfied 
by the primary decay pairs in other theoretical evalua- 
tions Oil. This is a reasonable result because our eikonal 
model only considers the scattering process of the final 
outgoing nucleons, without the possibility of producing 
additional secondary particles. In this way, the average 
number of detected pairs can not be different from those 
in the primary decay. 



III. NUMERICAL RESULTS AND DISCUSSION 

We have arrived to a very simple and easily manage- 
able procedure which allows to evaluate the observables 
NnN and oa including the minimum effect of the nucleon- 
nucleus interaction originated in the scattering process of 
the emerging particles. This method will be used here to 
evaluate the mentioned observables for ^He and a^C de- 
cays. 

The values of the potentials Vq and Vi typically range 
from 10 to 30 MeV and 70 to 110 MeV, respectively 
and they are determined from analysis of a wide variety 
of data corresponding to neutron and proton interactions 
with many different nuclei and at different incident ener- 
gies. In Table U we indicate the values assumed for these 
parameters and show the results obtained for NMHD ob- 
servables for aHc and a^C decays. ^ We remark here 
that the values of Vi are assigned from the fitting to the 
cross section of direct (pn) processes producing the iso- 
baric analog state in the target nucleus [1^ . This process 
correspond to a particle-particle -I- hole-hole scattering 
degree of freedom, as can be schematized by the first di- 
agram in Fig. 2 a). Nevertheless, when an ejected proton 



and for a^C decay we can write 



Vn = 




ioT N = n 
ior N — p 



^ Note that the values used for these potentials are roughly within 
(28) the range of validity for the eikonal approach, determined by the 

condition V]v/{< P >^ /2mjv) << 1- 
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TABLE I: Numerical 
hypernuclei. 



results for the observables of "JHe and 



TABLE II: Experimental data for NMHD observables. 





Vo (MeV) 


^ (MeV) 






iV„p 


flA 


iHe 














no FSI 








0.199 


0.801 


0.248 


-0.538 


with FSI 


15 
15 
15 



8.75 
13.75 


0.193 
0.238 
0.267 


0.806 
0.762 
0.733 


0.239 
0.312 
0.365 


-0.510 
-0.489 
-0.477 


A C 














no FSI 








0.175 


0.825 


0.212 


-0.530 


with FSI 


20 
20 
20 



3.18 

5 


0.165 
0.192 
0.210 


0.835 
0.808 
0.790 


0.198 
0.238 
0.265 


-0.500 
-0.495 
-0.492 



is converted in a neutron by the interaction with the nu- 
cleons in the residual core, we can also have a process 
as shown in Fig. 2 b). To take into account this pro- 
cess, at least effectively, with the coordinate independent 
isovector operator we have assumed would be preferable 
to choose the maximum value for the strength Vi/2A. 
For completeness, we report in Table HIl the experimental 
data. 




a) 



b) 



FIG. 2: Graph a) schematizes particle-particle + hole-hole 
residual charge exchange interaction present in direct (pn) 
reactions producing the isobar analog state in the target nu- 
cleus. Graph b) shows one of the mechanisms by which ex- 
cited states in the residual nucleus can be generated. 

Our results for the ratio Nnn/Nnp agree with theoret- 
ical and more elaborated estimations performed within 
microscopic models, which give values in the range 
0.2 - 0.4 i, i, Particularly, the more recent eval- 
uation for within the same {2plh} final state space 
and within the ring approximation from Ref. jTo| gives 
Nr^n = 0.216, 7V„„ = 0.784 N, 



FSI are considered, and Nn 



n 

0.253, 



0.275 when no 
0.906 and 





iV„p 


ttA 


iHe 




0.07±0.08tng [30, 31J 




0.45 ±0.11 ±0.03 [32, 33J 


0.11 ±0.08 ±0.04 [32, 34] 


i2r^ 

A ^ 




-0.20 ± 0.26 ± 0.04 [32, 34] 




0.40 ±0.10 [35, 36] 





Nnn/Nnp — 0.279 whcn their effect is included. Com- 
parison with our results from Table 1 indicate a good 
agreement. Nevertheless the fact that in the mentioned 
reference N^n + N^p ^ 0.253 ± 0.906 = 1.159 > 1, it 
is hard to understand. This indicates that the theoret- 
ical frame described in the previous section to get NnN 
and the optical model eikonal approximation to introduce 
the perturbative effects that mix different 2plh configura- 
tions, provides a consistent scheme to introduce the min- 
imum effect of nucleon-nucleus interaction producing the 
scattering of the emerging particles. From Tables 1 and 2 
we also see that the effect of those interactions bring the 
theoretical value of the coincidence number ratio closer 
the experimental one. In fact, our results clearly indicate 
that Nnn/Nnp is increased mainly due to the effect of the 
isospin dependent part of the interaction, which allows 
the mixture between both channels. This leads to a dif- 
ference between neutron and proton effective potentials 
proportional to Vi/2A (see Eqs. (gT]) and (g!])) which 
enforces the difference between both decay channels. 

Additionally, the values obtained for the asymmetry 
parameter are in qualitative agreement with the ultimate 
theoretical evaluations @ in the sense that they exhibit 
the same tendency to reduce the magnitude of aA, but 
can not revert the sign in the iHe case: for iHe Q^C) 
decay the authors obtain —0.590 (—0.698) when FSI ef- 
fects are neglected and —0.401 (—0.340) when they are 
included. Indeed, FSI effects are not able to reproduce 
adequately the data for this observable, in spite that they 
increase the value. The changes are mainly caused by 
the combined effect of Vq and Vi parts of the optical po- 
tential, which modify the PC and PV matrix elements 
in a different way, through the momenta replacement 



pP and P 



(see Eq. (QS])). We note that. 



as OA is only measured for protons and it is theoretically 
determined by a ratio between quantities calculated both 
for protons (see Eq. ([I])) the charge exchange effects of 
FSI are not so important in this case. Thus, one must 
infer that new modifications to the model, as for example 
the inclusion of two-pion correlated or a i -meson exchange 
in the A^A potential 0, [13] , could be still carried out to 
achieve a better description of NMHD. 

As a final remark, if 2p2h CSC were included, the pri- 
mary decay rate Fat should be affected by a factor |coP 
(see Eq. ([T^ ) while the pair numbers NnN calculated 
within the 2plh subspace remain unaffected. The 2N 
mode should be taken into account with amplitudes coC2 
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and the corresponding contributions of this mode should 
be added to each observable Ft, NnN, • • etc. However, 
caution must be taken in the way of evaluating cq and 
C2. In fact, if a first order perturbative approximation is 
taken for them, the prescription (jl3p must be assumed. 
Otherwise, if one wish to introduce second order normal- 
ization effects, all second order effects must be included 
in the ground state, which implies to introduce 4p4/i con- 
figurations. 

IV. SUMMARIZING CONCLUSIONS 

We have analyzed expressions for the evaluations of 
the number of pairs NnN and the asymmetry parameter 
aA when FSI are considered in leading order. Working at 
a first step within the 2plh configuration subspace, we 
have included in a simple way the effect of the scattering 
of the outgoing nucleons due to the residual core through 
the optical model eikonal approximation within a finite 
nuclei framework. Our approach uses only two parame- 
ters: the isoscalar and isovectorial strengths of the optical 
potential. Present evaluation does not pretend to replace 
more elaborated formalisms based on numerical codes or 
microscopical considerations, mainly because they con- 
tribute to the physical insight of the process, but to pro- 
vide a simple and nice alternative as an application of the 



well known eikonal method. We have arrived to a very 
simple analytical procedure (see Eq. (^5)) ) which can be 
implemented independently of the model adopted for the 
description of NMHD. Our results show that the effect of 
the isovector interaction on the ratio Nnn/Nnp is stronger 
than on the asymmetry a\ because: i) in the first case the 
modification is originated from a difference between neu- 
tron and proton potentials due mainly to the isovector 
part of the optical nuclear potential allowing the possi- 
bility of charge exchange; ii) in the second one, being qa 
measured only for proton induced decay, modifications 
due to final interactions are incorporated only by means 
of the differences produced between PC and PV matrix 
elements through the momenta renormalization 
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